Introduction
Coffee roasted with sugar (in Spanish 'torrefacto' coffee) is used in Spain and Portugal by mixing it with conventionally roasted coffee to improve the taste and the colour of the solutions with extracted hot water. 'Torrefacto' coffee is prepared from ground coffee and sugar. In the process, the granulated crystalline sugar is poured over the hot coffee beans in a rotary oven at 140-150°C when the coffee is almost roasted. The sugar is partially dehydrated by the heat and sticks to the surface of the roasted coffee. The surface of the beans roasted with sugar coffee is black and glossy and the flavour of its extracted solutions is very bitter. In Spain, it is used in mixtures (20-50%) with conventionally roasted coffee, in the preparation of coffee drinks. For coffee beans roasted with sugar the maximum content of permitted sugar is 12% (percentage of dry matter) and burnt grains of 5.5% (Código Alimentario Español, 1997) .
Knowledge of coffee's water sorption behaviour is needed for predicting its hygroscopic properties and for designing and optimizing operations of units for preservation, storage, packaging and mixing. Values of sorption isotherms for roasted coffee were reported by Ayerst (1965) , Quast & Teixeira Neto (1976) , Hayakawa et al. (1978) , and Weisser (1986) , but there are no similar data for coffee roasted with sugar. The purpose of the present study was to obtain water sorption isotherms for roasted and coffee roasted with sugar in the temperature range of 25-40°C; to correlate experimental data with the Guggenheim-Anderson-de Boer (GAB) model; and to calculate the monolayer moisture from the BET equation.
Materials and methods
Conventionally roasted and coffee roasted with sugar was prepared by a local manufacturer (Cafés la Brasileña, Vitoria). The coffee roasted with sugar was obtained by the addition of 15% (weight) of crystalline sugar to the ground coffee at an oven temperature of 145°C. Later the cold beans were milled and sieved. The powder obtained had the following particle size distribution: 200 m, 21%; 200-400 m, 35%; 400-800 m, 42%; Ͼ800 m, 2%. During this study, the coffee was stored in sealed flasks at Ϫ24°C.
The moisture content of the samples was measured by means of a vacuum oven method (70°C, 16 h, 130 mbar; DIN 10 764, p.2). The sorption isotherms were measured using the standardized COST 90 sorbostat (Wolf et al., 1984) , consisting of preserve jars, and a support for the weighing bottles (25 ϫ 25 mm, DIN 12605) in which the sample material (0.3-0.5 g) is exposed to atmospheres of various humidities. The jars were maintained at the required temperature in a thermostat. Saturated salt solutions were used as the humidity source. The water activities of the solutions covered the activity range of 0.1-0.9. These salt solutions were prepared with reagent grade salts and distilled water. The relative humidity data of the salt solutions were obtained from Greenspan (1977) .
International Journal of Food Science and Technology 1999, 34, 287-290 Samples of coffee taken for adsorption measurements were pre-dried for 7 days in a vacuum desiccator containing anhydrous P 2 O 5 . For desorption measurements the samples were conditioned for one month to a relative humidity of 0.9026 (25°C), by placing the weighing bottles in desiccators with aqueous saturated BaCl 2 solutions. Samples were weighed at 24 h intervals until no further change in weight occurred. This took about three weeks. No microbial spoilage was observed.
Equilibrium sorbed water was determined by sample weighing using an analytical balance with a precision of 0.1 mg. The percentage difference in equilibrium moisture content between duplicate samples was generally Ͻ 1%, and the average of the two values was taken.
Results and discussion
The adsorption and desorption isotherms for roasted and coffee roasted with sugar are presented in Figs 1 and 2. The isotherms for roasted coffee gave the characteristic S-shaped curve of water adsorption isotherm, of type II according to the B.E.T. classification, and the system showed a significant hysteresis loop in the a w range 0.2-0.6. The water activity data for roasted coffee determined in this work are slightly different to the data of Weisser (1986) , and this can be attributed to a difference in the coffee variety or to the preparation method.
The coffee roasted with sugar gave type II isotherms up to an a w of 0.75, but at higher a w type III isotherms were obtained due to the presence of sugar. The pure sugar presents an adsorption isotherm of type III, with a constant moisture content of 0.05 % (dry basis) up to an a w of 0.75 (Leiras & Iglesias, 1991) , and at higher a w the sugar passes the dissolution point and adsorbs more water. Consequently when the relative humidity is high the coffee roasted with sugar absorbs more water that the roasted coffee. However, for low water activities both types of coffee have similar behaviour in respect to water adsorption.
The experimental data have been correlated to the three parameter G.A.B. equation (van den Berg & Bruin, 1981) :
where a w is water activity; W is water content on a dry basis at equilibrium; X m is the water content when each sorption site contains one water molecule (monolayer); C and K are constants which are related to the energies of interaction between the first and further sorbed molecules at the indi-vidual sorption sites. In Table 1 the values of the constants calculated by the Marquard method of non-linear optimization are presented. To evaluate the goodness of fit of each equation, the mean relative percentage deviation modulus E was used (Aguerre et al., 1989) . This modulus is defined by the following equation:
Where m exp and m cal are experimental and calculated data and N is the number of data. It is generally considered that a good fit is obtained when E Ͻ 10% (Lomauro et al., 1985; Aguerre et al., 1989) . In all the cases E Ͻ 5% (Table 1) , and the correlation according to this criterion is very satisfactory. Monolayer moisture content is important for commercial purposes (Iglesias & Chirife, 1976) as it is related to several physical and chemical deteriorations of dehydrated foods, such as lipid oxidations, enzyme activity, non enzymatic browning reactions, aroma retention and textural character- istics. The estimated values from the G.A.B equation are approximate because the parameters X m , C and K are highly correlated (Maroulis et al., 1988) . In this case, the B.E.T. equation is widely used to determine the monolayer moisture contents ( Table 2 were calculated from the B.E.T. equation using data for low water activity (0.1-0.5). There was only slight differences in the monolayer moisture contents between the roasted and coffee roasted with sugar, because internally the two types of coffee are identical and the sugar adsorbs little water at low humidities. The monolayer values decreased slightly as temperature increased. This suggests that shelf-life will not decrease to a great degree as temperature increases, because the amount of water that the product can tolerate is similar. However, storage at low temperature is recommended as this assists aroma preservation.
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